One of the enigmatic aspects of autism is that people with the disorder exhibit preserved or even enhanced performance on visuospatial tasks [Baron-Cohen & Hammer, 1997; Brian & Bryson, 1996; De Jonge, Kemner, & van Engeland, 2006; Jolliffe & Baron-Cohen, 1997; Lee et al., 2007; Manjaly et al., 2007; Mottron, Belleville, & Ménard, 1999; Mottron, Burack, Iarocci, Belleville, & Enns, 2003; Mottron, Dawson, Soulières, Hubert, & Burack, 2006; Ring et al., 1999; Shah & Frith, 1983] . For example, Shah and Frith [1983] demonstrated that children with high-functioning autism exhibited superior performance relative to IQ-and age-matched controls on an Embedded Figures Task (EFT), in which individuals are asked to locate a simple figure that is embedded in a more complex configuration.
A recently proposed theoretical account of autism, the cortical underconnectivity theory [Just, Cherkassky, Keller, & Minshew, 2004; Just, Cherkassky, Keller, Kana, & Minshew, 2007] , provides a neurobiological explanation of the psychological processes underlying the disorder. This theory posits that autism is a neural systems disorder marked by inefficient inter-regional brain connectivity between frontal and posterior areas resulting in a deficit in integration of information at both psychological and neural levels. The theory predicts that if a task does not require tight integration between frontal and more posterior regions, performance is not likely to be disrupted in autism. In particular, performance of a task like the EFT in autism should not suffer from a lack of integration of the information about the complex figure. However, underconnectivity theory predicts that despite the preserved behavioral performance on the EFT in autism, the underlying brain activation should exhibit the signature of autism.
The underconnectivity account is based on the findings of both functional underconnectivity (a lower than normal degree of synchronization of an functional magnetic resonance imaging (fMRI)-measured brain activation between pairs of brain regions) and associated structural connectivity differences (measured as white matter differences) in individuals with autism, and has been supported by a growing number of neuroimaging studies across different domains [Just et al., 2004 Kana, Keller, Cherkassky, Minshew, & Just, 2006; Koshino et al., 2005 Koshino et al., , 2008 Mason, Williams, Kana, Minshew, & Just, 2008] . Morphometric studies of white matter have found aberrations in the volumes of various white matter regions in autism. In particular, the findings of a reduction in corpus callosum size suggest that there may be an impairment in anatomical connectivity between various cortical regions [Hardan, Minshew, & Keshavan, 2000; Just et al., 2007; Manes et al., 1999; Piven, Bailey, Ranson, & Arndt, 1997; Quigley et al., 2001; Vidal et al., 2006] . We do not propose to discern a direction of the causality of anatomical and functional underconnectivity but to document their co-occurrence in a dynamic system.
Previous neuroimaging studies of the EFT in autism have demonstrated reduced frontal activation and greater posterior activation in autism relative to controls [Lee et al., 2007; Manjaly et al., 2007; Ring et al., 1999] and have implicated the use of different strategies by the two groups [Ring et al., 1999] . The EFT requires participants to mentally decompose the complex figure into its structural components and to decide whether some component matches the target figure [Manjaly et al., 2007] . It is possible that processing an entire complex figure may require participation of frontal regions that may not be necessary or useful for performing the EFT, whereas processing the simpler components of the figure may rely more on occipital and parietal areas. On the basis of the underconnectivity theory, we hypothesized that poorer access to frontal regions (or poorer frontal-posterior coordination) would not handicap people with autism in the EFT.
One enhancement of our study attempted to provide over previous studies was the development of a more systematic and homogenous set of the EFT stimuli containing a global 3D embedding object and a 2D contour as the target (Fig. 1) .
Method

Participants
Thirteen high-functioning individuals with autism and 13 control participants matched on age-, IQ-, and socioeconomic status [Hollingshead, 1957] were included in the study (group demographic data are shown in Table 1 ). The diagnosis of autism was established using the ADI-R [Autism Diagnostic Interview-Revised, Lord, Rutter, & Le Couteur, 1994] and the ADOS-G [Autism Diagnostic Observation Schedule-Generic, Lord et al., 2000] , supplemented with expert clinical opinion, according to accepted criteria of high-functioning autism [Minshew, 1996] . Handedness was determined with the Lateral Dominance Examination from the Halstead-Reitan Neuropsychological Test Battery [Reitan, 1985] 
Experimental Paradigm
Participants decided if the target figure was embedded in the simultaneously presented more complex figure and indicated their decision, pressing one of two response buttons. Twelve test items, each displayed for 12 sec, were presented (six blocks of two test items per block). In four of the 12 trials, the target figure was not a part of the more complex figure. A 12-sec or 24-sec fixation condition was presented between blocks.
fMRI Procedure and Analyses
Imaging was conducted on a 3-Tesla Siemens Allegra (Erlangen, Germany) scanner. For the functional imaging, a gradient echo, echo-planar pulse sequence was used to acquire 17, 5-mm thick slices with a 1-mm gap with TR 5 1,000 ms, TE 5 30 ms, flip angle 5 601, and in-plane resolution 3.125 Â 3.125 mm. A structural 160-slice 3D MPRAGE volume scan with TR 5 200 ms, TE 5 3.34 ms, flip angle 5 71, FOV5 25.6 cm, 256 Â 256 matrix size, and 1-mm slice thickness was also acquired.
Distribution of Activation
The data were analyzed using SPM2 (Wellcome Department of Imaging Neuroscience, London, UK). Images were 1 Six of the autism participants were taking medication (four were taking selective serotonin re-uptake inhibitors and two were taking allergy medications). The data of all these individuals were qualitatively similar to the presented data of the autism participants without medication. Three of the control participants were taking allergy, asthma, or anti-acne medications. Their data were also similar to those of the other controls. One autism and four control participants were included in a Theory of Mind task [Kana, Keller, Cherkassky, Minshew, & Just, 2009] ; four autism and two control participants in a narrative comprehension task [Mason et al., 2008] ; one participant with autism in a spatial working memory task [Koshino et al., 2008] ; two participants with autism in the Tower of London task ; three autism and three control participants in an inhibition task ; and four autism and two control participants in a visual sentence comprehension task [Kana et al., 2006] . corrected for slice acquisition timing, motion-corrected, normalized to the Montreal Neurological Institute template, resampled to 2 Â 2 Â 2 mm voxels, and smoothed with an 8-mm Gaussian kernel. Group analyses were performed using random-effects models in which contrast images of parameters for the EFT condition minus the fixation baseline were entered as the dependent measure. An uncorrected height threshold of Po0.005 and an extent threshold of ten voxels were used.
Functional Connectivity
Functional connectivity was computed as a correlation between the average time courses of all the activated voxels in each member of a pair of regions of interest (ROIs). Twelve ROIs were defined to encompass the main clusters of activation in the activation map for each group in the EFT-Fixation contrast, using previously described procedures Kana et al., 2006 ; Mason et al., 2008] . The time course of the activation was extracted for each ROI for each participant from the voxels that showed a significant difference between the EFT and Fixation conditions (Po0.05, corrected for multiple comparisons) in the individual participant's GLM.
The correlation between the time courses of two ROIs was computed only on images from the experimental condition (excluding the Fixation condition), so that it reflects the synchronization of activation in two areas while the participant is performing the task. Fisher's r to z 0 transformation was applied to the correlation coefficients, to be used in further analyses. The ROI pairs were aggregated into two categories: frontal-posterior ROIs (frontal-parietal and frontal-occipital pairs) and all other pairs (pairs of ROIs within frontal, parietal, and occipital lobes and between parietal-occipital pairs). The functional connectivities of these two categories were submitted to a 2 (Group) by 2 (Connection type) mixed analysis of variance (ANOVA).
Corpus Callosum Morphometry
The cross-sectional area of the midsagittal slice of the corpus callosum was measured as in previous studies Kana et al., 2006; Mason et al., 2008] and normalized relative to total brain volume.
Results
Overview
Despite the similarity of the behavioral performance of the two groups, the autism group showed more activation than controls in visuospatial areas and less activation in the left frontal areas, and had reliably lower functional connectivity between frontal regions and posterior regions. Frontal-posterior functional connectivity was correlated with corpus callosum size in the group with autism.
Behavioral Results
There were no reliable behavioral differences between the groups in either response times (control: M 5 5,816 ms, SE 5 231.7; autism: M 5 5,847 ms, SE 5 421.5; t(24) 5 0.73, n.s) or error rates (control: M 5 15.4%, SE 5 4.3; autism M 5 24%, SE 5 6; t(24) 5 1.61, n.s.). These results are consistent with the behavioral findings in other neuroimaging studies on EFT [Lee et al., 2007; Manjaly et al., 2007; Ring et al., 1999] . In addition, the rate of false alarms on catch trials did not differ significantly between the groups (control: M 5 18.3%; autism: M 5 25%, t(24) 5 0.60, P40.5) suggesting no differential bias across groups to identify complex figures as containing an embedded figure.
Group Differences in Brain Activation
The autism group had reliably less activation than controls in the left frontal (left DLPFC, left superior medial frontal gyrus) and left inferior parietal areas. The autism group had higher activation in bilateral superior parietal and right occipital areas ( Fig. 2 and Table 2 ).
Functional Connectivity
A 2 (Group) by 2 (Connection Type: frontal-posterior vs. other) mixed ANOVA indicated a main effect of reliably lower functional connectivities in the autism group than the control group (autism: M 5 0.61, SE 5 0.04; control: M 5 0.75, SE 5 0.04; F(1,24) 5 5.33, Po0.05). In addition, there was a main effect of connection type, such that frontal-posterior functional connectivities (Fisher's transformed r's) were lower than other inter-regional 
Relationship Between Corpus Callosum Size and Functional Connectivity
Consistent with previous studies, the corpus callosum was smaller in the group with autism than in controls [Hardan et al., 2000; Just et al., 2007; Manes et al., 1999; Mason et al., 2008; Piven et al., 1997; Quigley et al., 2001; Vidal et al., 2006] . A regression analysis using normalized corpus callosum size to predict functional connectivity between frontal and posterior areas revealed a reliable positive correlation between the two measures within the group with autism but not in the control group [autism (r 5 0.57, t(10) 5 2.20, one-tailed Po0.05; control: r 5 0.19, t(11) 5 0.66, n.s.), as shown in Figure 4 .
Discussion
The central contribution of this study is the demonstration of frontal-posterior functional underconnectivity in autism during the performance of an EFT, a task in which participants with autism showed preserved performance. Previous reports of functional underconnectivity have investigated higher-level tasks (such as language comprehension, working memory, problem solving, and Theory of Mind) on which people with autism have demonstrated impaired performance. This is one of the first studies reporting underconnectivity in a task in which people with autism are assumed to have no disadvantage, and one of the first focusing on visuospatial processing. Other findings include reduced frontal recruitment and increased activation of posterior areas, and a positive Note: The threshold for activation was Po0.005 with a spatial extent of 10 voxels, uncorrected for multiple comparisons. Region labels apply to the entire cluster. MNI coordinates and t-values are given for the peak activated voxel in each cluster. 2 To determine whether autism differentially affected inter-hemispheric versus intra-hemispheric frontal-posterior functional connectivity, an initial 2 (group) by 2 (connection type) mixed ANOVA was conducted, with connections categorized as inter-hemispheric or intra-hemispheric. This analysis found no reliable group by connection interaction [F(1,23) 5 0.78, n.s.], indicating that autism similarly affects inter-and intra-hemispheric connectivities in this task. For this reason, both types of connectivity are included here in our measure of frontal-posterior connectivity, and this composite measure is related to corpus callosum size (which provides an index of white matter abnormality rather than a specific measure of inter-hemispheric anatomical connectivity) in further analyses.
relationship between corpus callosum size and frontalposterior functional connectivity, in the autism group.
Participants with autism demonstrated more activation in brain areas typically involved in visuospatial processing (bilateral superior parietal and right occipital), whereas the control participants exhibited more leftlateralized activation in executive and working memory regions (DLPFC/superior medial). Other studies on the EFT have also shown more right-lateralized occipital activation in the autism group [Manjaly et al., 2007; Ring et al., 1999] and activation in the left posterior parietal and frontal areas in controls [Manjaly et al., 2007] . More right hemispheric activation in occipital and superior parietal areas in the autism group may indicate greater reliance on visuospatial processing and decreased prefrontal activation may indicate a reduced reliance on executive processes, thus indicating differences in cognitive strategies used by the groups.
This decreased reliance on frontal processes and an increased reliance on occipital and superior parietal regions in autism are consistent with underconnectivity between frontal and posterior regions. One possible explanation of why frontal-posterior underconnectivity in autism might lead to preserved (or sometimes enhanced) performance on the EFT is that on lower-level perceptual tasks, the integration of higher-order executive/working memory regions with visuospatial regions might not be beneficial. Relying more on visuospatial regions on a perceptual task can result in intact (if not enhanced) performance.
Finally, the study demonstrated a relation between frontal-posterior (functional connectivity and the mean segment size of the corpus callosum. A recent metaanalysis of corpus callosum studies indicated that reduced total corpus callosum size in autism was reported in seven of ten studies, and the null findings in the remaining three were either due to power issues or sampling errors [Frazier & Hardan, 2009] . The correlation between the functional and structural properties of brain tissues demonstrates how the behavioral characteristics of autism could emerge from biological substrates. In particular, even though the causality between the two cannot be discerned, the findings suggest the white matter in autism could constrain the communication among cortical areas. In the control group, the data indicated no correlation between the two measures, suggesting that their white matter applies no such constraint.
Although this study revealed new properties of preserved visuospatial performance in autism, it has certain limitations. First, like previous studies on the neural underpinnings of the EFT [Lee et al., 2007; Manjaly et al., 2007] , the response measure did not ensure that the participants knew precisely where the target figure was located in the embedding figure. Future studies of the EFT should take this factor into account when comparing behavioral differences between the groups. A second limitation is the restricted size of the stimulus set. Finally, all previous studies on the EFT have used cross-sectional data. Hence, a longitudinal study investigating the neural correlates of the emergence of visuospatial skills in autism would contribute significantly to the literature. 
